Where sustainable development is concerned, there is an urgent need to establish new information systems that integrate economic, social and ecological factors. The emergence of demand for this information makes the development of ecological accounting possible. Yet, most current research on ecological accounting focuses on two aspects: (1) the theoretical aspect, including background, concepts and models and (2) specific research on ecological accounting. Some scholars have proposed a conceptual framework, but this is not systematic or thorough enough. Seizing the opportunity of sustainable development in a key strategic location of the world, this paper begins by analyzing the logical evolution of ecological accounting, summarizes the existing ecological accounting theory, and combines the mature theoretical study of resources accounting with environmental accounting. All of these efforts result in this paper forwarding a framework of ecological accounting that aims to provide a guideline for future development.
Introduction
Accounting mainly refers to a period of commercial development and is closely related to economic development [1] [2] . Developing along with social progress, accounting plays an important role that should not be underestimated. Like other disciplines, accounting must be combined with related subjects and evolve toward becoming an interdisciplinary science in order to meet the needs of social development [3] . Under the economic scholars regard ecological accounting as an information system that describes, calculates and measures the information related with the ecological environment [15] [31] [32] . Some scholars think that ecological accounting is an alias for life cycle assessment [33] - [35] . In addition to the concept of no uniform identification standard, there are also different views about theoretical model study. Birkin proposed a burden-based model and pointed out that most of the assets and economic activities have been included in the "burden-based" relationship and that people measure these basic functions with "load capacity" [36] . Also, Birkin and Ranghieri developed an ecological accounting system model called the "Overpass" model, which included conceptual framework and a matrix containing the EU-funded project known as "the sustainable development of tourism environment protection system."
There are many scholars interested in the background. Some economists have expressed a new understanding of the economic system, and they tried to expand their cost basis to include social and environmental costs, as well as the design of monetary and welfare measures [37] . Some accountants and scholars have advocated a new idea and application of the enterprise environmental report and environmental management accounting, and have confirmed corporate environmental costs and liabilities in published reports [38] [39] . Ecological accounting is an embryonic development based on ecological philosophy and economic values [40] .
With the in-depth research of ecological accounting, many scholars have paid more attention to the ecological footprint. Canadian ecological economist Ress first proposed the ecological footprint concept, and his doctoral student M. Wackemagel explained it from different angles [41] - [45] . The ecological footprint is a ratio of measuring human use of resources and the influence of this usage on ecosystems [46] . People's need for natural capital varies with their different levels of societal development, cultural practices, and wealth; thus, it is difficult to calculate an average ecological footprint across the entire human race.
Progress in the European Union
Wide-ranging research on the environmental and ecological aspects of the EU has been important for many years, including queries about such things as eco-taxes. Adjusting and innovating the existing tax distortions, and introducing eco-taxes, can achieve green tax reform, and the reform of eco-taxes can promote environmental quality. If the energy tax rate is lower than the rate of labor, the reform of eco-taxes can promote employment [47] . Many members considered eco-taxes as an environmental policy tool that produced good results. Eco-taxes cover a wide spectrum, as EU members have imposed taxes on fuel, products and actions that endanger the environment, such as when Sweden imposed taxes on natural gas and carbon, and Germany began levying a water pollution tax [48] .
The implementation of eco-taxes made a significant reduction in gas emissions for the ecological environment, and to a certain extent, promoted the innovation of environmental technology. In terms of social practice, members of the EU instituted ecological initiatives; for example, eco-industrial parks and the establishment of an ecological compensation mechanism [49] . Beginning in the 1990s, in response to the great loss caused by various ecological disasters, EU members actively developed ecological industry in the form of eco-industrial parks that varied from the establishment of Holland's Amsterdam Park to the expansion of Denmark Fort [50] . Owing to the institution of various ecological compensation mechanisms, agriculture and forest in the EU have recovered to a remarkable degree. In 2005, the EU Council adopted its 1698th/2005 article which regarded an auction as a tool for the payment of agricultural eco-environmental protection. The EU imposed ecological agriculture production-related subsidies by enacting the "Common Agriculture Policy, CAP."Regardless of how a system was constructed or put into practice, the EU's forest ecological compensation is advanced. Through a combination of eco-labeling and sustainable forest management, the European Union has formed a relatively complete system of forest ecological compensation.
Progress in Japan
Unlike the United States and the European Union's eco-environmental protection campaign, Japan-one of the earliest countries to develop a circular economy-considered the actual situation of a limited land area and the scarcity of natural resources and put forward the developmental mode of the circular economy. The idea of a circular economy's development concurs with the connotation of ecological accounting. The mode of circular economy promoted the development of ecological accounting in Japan to a certain extent. At the macro level, researchers focused on eco-industrial parks or social material circulation problems from the perspective of the recycling industry. In addition, another type of study aimed at a certain special material in the loop of the society. For example, Seiji Hashimoto described the six indicators of the socio-metabolism material cycle from the perspective of material flow analysis [51] using Japanese wood as an example, and Yuichi Morgachi described the six material circulation indices of the social metabolism.
Studies of ecological accounting in Japan can be traced back to the 1970's, when Professor Kiyoshi Kurosawa proposed the idea of eco-accounting in his close study of numerous environmental pollution problems caused by the destruction of the environment, and first used the term of ecological accounting. Based on this foundation, Kawano Masao and others considered the problem from three viewpoints, including the economic aspect of environmental accounting, the enterprise level of environmental accounting, and resource accounting studied from the perspective of ecological accounting [52] . After nearly ten years of researches, they expanded and modified the research content of ecological accounting, incorporating environmental and sustainability reporting, as well as environmental accounting [53] . The Ministry of the environment put forward the construction of ecological accounting for studying social, economic and environmental problems. Subsequently, they conducted a survey which covered many social problems, such as the rationalization of water projects and the way that businesses balances the water resource cost burden against the maintenance of waterway facilities and environmental capital. Kawano Masao studied economic problems such as the burden of costs and capital maintenance caused by the supply of rivers, and developed in-depth research on economic, social and environmental issues according to the principles of ecological accounting [54] .
Progress in Australia
In the area of the research and practice of ecological accounting, Australia is loath to lag behind. Stefan Schaltegger and Roger Burritt built a systematic and complete framework of the micro-environmental accounting in a book titled "Contemporary environmental accounting: issues, concepts and practice" in 1992 [55] . In this framework, micro environmental accounting is divided into two parts, including the differences in environmental accounting and ecological accounting. The authors thought that following the principle and method of traditional accounting, ecological accounting was the process that used biological and physical units to collect, classify, analyze and transfer environmental information. Based on the above theory, ecological accounting is a subsystem of environmental accounting, and the most obvious distinction between it and environmental management accounting is manifested in recording, tracking and measuring the environmental impact by physical unit [56] . In 1992, Australia signed an important document called "the Australian government environmental agreement" which signified that Australia has entered a new stage of integrating economic, environmental, ecological and sustainable management. In the promulgation of the "Financial information quality characteristics," the Australia Accounting Standards Board asked enterprise to measure and to disclose the relevant and reliable environmental impact.
Progress in China
With the further development of accounting theory, some scholars have noted defects in the current accounting system with regard to sustainable development. Because of the government's demand for accounting information about the ecology, economic stakeholders and environmental stakeholders, the appearance of ecological accounting has become possible and necessary [57] . In addition, some scholars have expounded the possibility and necessity of the generation of ecological accounting standards in the national macro strategic perspective [58] . Sustainable development requires ecological accounting and can construct ecological accounting according to environmental accounting experience [59] . Sustainable development put forward the new request and challenge on ecological accounting from the three levels: governments, businesses and society [60] . Under certain conditions, ecological accounting is related to the development of the current accounting theory and requires the support of a specific background. Domestic research is still at the preliminary stage. Ecological accounting reflects the exchange of material and energy between the main body of accounting and the natural environment; it also must meet the information needs of the accounting system [61] . Some scholars have put forward the framework of ecological accounting measured by goals, elements, and assumptions.
A review of the research literature at home and abroad finds two main perspectives: theory and practical application, and three levels: macro view, middle and micro view. Among them, American and Canadian theory on ecological accounting ranges widely, and some specific aspects of the theory have been developed. However, most American and Canadian ecological accounting is the representative of the meaning of accounting that differs from the proposed ecological accounting in this paper. In the macro and middle view of the practice of ecological accounting, the EU has obtained many achievements; for example, compared with United States and Japan, the construction of the eco-industrial park is richer, and the names have more variety. In contrast, Japan's research of ecological accounting began earlier and formed a systemic and complete theoretical system that progressed the development of environmental accounting. As an ecological power, the ecological concept of Australia reflected all aspects, such as city traffic construction and education and the water resource accounting. Due to the guidance of national policy in recent years in China, ecological accounting has become a hot spot in academic research, but problems such as a relatively weak theoretical foundation and slow progress have meant that most research is still in the conceptual and exploratory stage.
The System Design of Framework on Ecological Accounting
Although the study of ecological accounting has gained many achievements, it has not formed a systematic theory. According to China's situation, this paper puts forward a system of ecological accounting to promote the development of ecological accounting. Because scholars have confused the meaning of ecological accounting, resource accounting and environmental accounting, and have classified ecological accounting as a sub system of environmental accounting, it is necessary to distinguish among resource, environment and ecology to illustrate that ecological accounting cannot be replaced. Then, the logic of ecological accounting based on resource accounting and environmental accounting can be explained.
The Concept Discrimination on Resource, Environment and Ecology
The 18th Central Committee of the Communist Party of China clearly put forward the connotation of the protection of the natural ecological civilization and stated that we must bring the ecological civilization construction into the pattern of economic construction, political construction, cultural construction and social construction in order to cope with the grim situation of resource constraints, environmental pollution and ecosystem collapse [62] . The "resource constraints," "environmental pollution" and "ecological collapse" as concepts were elaborated separately from the terms "resource," "environment" and "ecology."
The resource, environment and ecology are the three natural elements of the survival and development of humankind, and they reflect different functional relationships between the human and nature [63] . Among them, the resource generally refers to the natural resource and is divided into five kinds: water, land, minerals, forests and oceans. According to the definition of the United Nations Environment Programme on natural resource, natural resource can produce economic benefits to improve the present and future natural factors and conditions at a certain time and under certain conditions. The so-called environment generally refers to the natural environment and specifically means various natural and artificial modification of natural factors that relate to human survival and development. From the perspective of functional relationships between man and nature, the relationship between humans and the environment is the subject and the object, the so-called ecology refers to the natural ecological system and includes three systems: the surface of the terrestrial system, the aquatic system and the atmospheric system. In a certain space range, the biological community and its environment display correlative dependence and interplay. Therefore, resources, environment and ecology are three interrelated but different concepts [64] .
Based on the logic of ecology, resource accounting, environmental accounting and ecological accounting should not be confused; they developed independently and crosswise. Among them, the resource accounting focuses on resource measurement and disclosure issues, such as the buried coal and the forest. Environmental accounting measures and discloses environmental cost, such as measuring the effect of waste on the environment by industrial enterprises. But not all problems can be solved by resource accounting and environmental accounting; for example a coal mine involves resource accounting and environmental accounting because it may affect ecological service functions and the welfare of biological communities.
The Logic Framework under a Sustainable Design
The study of ecological accounting can use abstract methodology and field investigation. According to the prin-ciples and criteria of accounting, a theory of ecological accounting can be put forward by systematically integrating related concepts from different disciplines. In addition, to carry out afield investigation, one must gain first hand information and take advantage of advanced information processing tools to integrate the collected data.
Based on the above work and according to the following procedures, we can establish the system of the micro ecological accounting (enterprise level) and the macro ecological accounting (area or entire ecosystem level):
(1) Perform normative research that points at the basic links and features of ecological cycles, analyze the relationship between ecological and economic cycles according to the idea of human sustainable development, which determines the theoretical basis for the implementation of ecological accounting;
(2) According to traditional accounting theory, perform special studies on the principle of ecological accounting, confirmation and measurement basis; (3) Referring to the content of the system of resources accounting and environmental accounting, perform individual studies on the basic elements of ecological accounting, such as ecological assets and ecological cost, and combine them with the data obtained through field surveys to construct the econometric model; (4) Focusing on the ecological accounting entity's economic activities, evaluate its ecological efficiency; (5) Through the single factor analysis and the multiple-factor analysis, seek the optimum choice for the development mode and sustainable development strategy of circular economy; (6) Perform longitudinal study on the features of each link of resource, environment and ecological cycle, and perform horizontal studies on the various accounting features of the main ecological system; (7) Gather the above research results, construct the analysis system of ecological accounting with the function of accounting, namely evaluation, decision-making and control, providing a theoretical basis for the development of ecological accounting. The research logic is shown as Figure 1. 
The Framework of Ecological Accounting
Through the double verification of theory and practice, ecological accounting can effectively solve the problems encountered by the enterprises and organizations in the process of sustainable development. According to the development of modern ecology, in addition to individual organisms, populations and communities, the ecosystem including the society belongs to its scope. So the population, the resources, the environment and other issues confronted by human are included in ecological research. Along with the logic of ecology, resource accounting, 
The special system of information integration
The theoretical system of ecological accounting's accounting
The theoretical system of ecological accounting's decision optimization
The theoretical system of ecological accounting's evaluation
The theoretical system of ecological accounting's control
The basic theory system of the micro ecological accounting
The basic theory system of the macro ecological accounting environmental accounting and ecological accounting must overlap, and this point is similar to the view of Japanese scholars like Kawano Masao. Except for the studies on resource accounting and environmental accounting, eco-efficiency, eco-compensation costs, education, medical benefits and other issues should also be reflected in the system of ecological accounting. From the perspective of ecology, this paper tries to define the scope of accounting, and divides the ecological accounting into micro ecological accounting and macro ecological accounting. Micro ecological accounting is divided into individual ecological accounting and population ecological accounting; macro ecological accounting is divided into community ecological accounting and system ecological accounting. Among them, the individual ecological accounting aims to provide information about different subjects of inflow and outflow and to measure the impact on the environment of a single organization, such as the enterprise or the group. With the concept of population ecology, population ecological accounting has been proposed and includes the role of the recognition, measurement and disclosure of the influence on the environment of an industry chain. The community ecological accounting measures the resource, environmental, social and eco-efficiency of all enterprises in a certain area, such as industrial parks. The systemic ecological accounting is the most widely used, which is ecological accounting of the generalized dimension. It can carry out the accounting, evaluation and disclosure by means of energy, material, value and information flow, including all the organizations. Through some basic accounting functions, ecological accounting provides information which is closely related to accounting entities. According to Table 1 , ecological accounting mainly relates to the measurement of ecological assets, liabilities, cost and benefit. Among them, ecological assets are assets owned or controlled by an accounting entity to create ecological benefits, such as the machinery and equipment for waste water treatment, and the measurement of ecological assets mainly uses the method of historical cost. Ecological debt is the obligation and responsibility assumed for the realization of ecological benefit by an accounting subject, such as the ecological tax taken by European Union. Some liabilities can be quantified in monetary units or volume estimates, while others must use a narrative description. The various costs called ecological costs consist of, for example, the salaries of staff who work in the ecological environment; the accounting entity shall take the actual paid cost as the basis of the ecological cost's measurement. From the above definition, ecological assets, liabilities and costs around ecological benefits exist and expand. The ecological benefit is obtained by measuring the success of protecting the natural resources and the environment, such as increased biodiversity. Because of the complexity of the connotation of ecological benefit, it can account for ecological benefits in both quantitative and qualitative aspects, and the qualitative analysis includes four dimensions: resources, environment, ecology and social. The method of combining quantitative and qualitative measure is suitable for the vast majority of the accounting entity's accounting and many scholars also have conducted related research.
Methodology Study of Ecological Accounting from the Perspective of Management Accounting
From the angle of financial accounting, ecological accounting can be divided into three dimensions: recognition, measurement and disclosure. From the angle of management accounting, it can be divided into four dimensions: accounting, evaluation and analysis, optimization, and control. According to the logic of management accounting research, this paper studies specific methodologies based on different unit levels. Table 2 , the "Δ" represents the calculated application; the "○" represents the application that was not calculated. Among them, many methods of each dimension are involved; because of limited space, we select a representative method to discuss in detail. The framework of ecological accounting generally consists of four dimensions: accounting, evaluation, decision optimization and control; specific applications for each methodology at different enterprise levels are as follows:
Because there is no overall ecological accounting framework and the accounting system is not fully established, the specific calculation method is still being explored. SNA and SEEA can provide scientific references for ecological accounting. SNA is jointly issued by the United Nations, the European Union, the Organization for Economic Cooperation and Development, the International Monetary fund and the World Bank, and provides a macroeconomic account with comprehensive, consistent, flexible features for decision making and economic analysis. According to strict accounting rules, SNA is a set of internationally-recognized standards based on the economic principle of measuring economic activity. SEEA is SNA's satellite account system, and is the product of sustainable development. It is mainly used for considering the influence of environmental factors under the condition of the implementation of national economic accounting. The SEEA mainly discusses the basic concepts of the environmental and economic accounting system and frame structure, resource depletion and environmental degradation estimation method, and focuses on the calculation results applied to the adjustment of the traditional index. From five main aspects, the SEEA extends the concept and system of SNA (as shown in the Figure 2 below) . Thus, the SEEA is modified on the basis of SNA and reflects the concept of sustainable development by considering the environmental factors, which is the principle of ecological accounting. Therefore, ecological accounting can draw lessons from the accounting methods and ideas of the SEEA to build a new accounting system. 
The main framework of SNA The evaluation level of ecological accounting mainly refers to the ecological efficiency; in other words, the ratio of the accounting subject's ecological performance and financial performance. One example of this is Canadian scholars' use of the ecological footprint to evaluate ecological efficiency, a method that has a wide range of applications. Setting different indicators-such as the resource circulation of input, consumption, export and circulation-the comprehensive evaluation of resource circulation analysis synthetically evaluates the enterprise's resource circulation. A particular subject's performance evaluation involves many aspects and one can construct the index system of ecological efficiency by selecting the relevant ecological performance indicators and financial performance indicators. One can also adopt certain technical methods or models on this basis, like the fuzzy comprehensive analysis method, to evaluate the comprehensive ecological efficiency of the accounting entity. Due to the uncertainty of the environment itself, the fuzzy comprehensive evaluation method is an evaluation of environmental quality using a mathematical fuzzy set theory as a comprehensive evaluation method. The key to this method is to compute an evaluation factor. Material flow analysis derived from Germany has been widely applied in Japan, can provide decision optimization for the services provided by the ecological and economic system, and is suitable for enterprise and industrial park practice. The following chart Table 3 compares the different evaluation methods.
The methods of the decision optimization dimension of ecological accounting involve the energy analysis method and industrial added value, etc. The energy analysis is a quantitative analysis of the structural function of the socio-economic ecosystem, which is suitable for the enterprise and industrial parks' decision optimization. It can provide a scientific basis for the evaluation of natural resources and the harmonious coexistence between humans and nature. Industrial added value refers to industrial enterprises creating new value in the process of production; it is the final result of industrial production during a given period in monetary terms. The scope of industrial added accounting is an independent legal study in the field of industrial enterprise; the principle is based on the final results of measuring the current production and determining its value in monetary terms. This method is more suitable for an enterprise's decision optimization.
For ecological accounting, there are methods like standard cost control, target cost control, plan cost control and life cycle cost control, etc. The three methods mentioned above are very much the same, and all involve setting certain benchmarks, then evaluating and controlling the enterprise's behavior by comparing these benchmarks against the standard. These methods are more suitable for an enterprise's internal control activities. The method of life cycle cost control emphasizes the whole process control from starting point to destination and pays attention to the concept of sustainable development. This method can help an enterprise establish overall cost consciousness, as well as control environmental cost. This can allow an enterprise to consider the whole cost when evaluating its capital budget. Finally, the life cycle cost control can help an enterprise implement control, and it is suitable for enterprises and industrial parks.
Conclusions
Western countries have conducted extensive theoretical research on ecological accounting, and some specific theories have risen to the level of practical guidance. Developing countries like China learn from the ideas and experience of developed countries. On the one hand, foreign institutions, whether they are governmental, institutional, Table 3 . The comparison of ecological accounting evaluation methods.
The method
The characteristics The deficiencies
The ecological footprint Simple and clear, reflecting the human impact on the earth vividly, and having strong maneuverability and repeatability.
The evaluation result is not absolute and some theoretical assumptions are difficult to achieve.
Comprehensive evaluation of resource circulation analysis
Considers the specific key resource flow conditions before and after optimization, or posits the circular economy as a form of index.
Without a thorough solution to the qualitative index quantitative.
The fuzzy comprehensive analysis method
The result is clear and systemic and strong and can solve the problems that are fuzzy and difficult to quantify.
The computation is complex and the subjectivity is strong, which decides the index of weight vector.
The material flow analysis Based on material flow routes, and an in-depth analysis of the object of material flow strength and path.
Dimension is not uniform, and cannot reflect the relationship between the environment and the economy.
or scholarly, have expounded theoretical research about ecological accounting from multiple perspectives. This discussion has provided a theoretical basis for the practice of micro market strategies by companies and organizations that are actively involved in implementing new ideas; this practical activity has in turn become a reference for academic research, which has generated new theories to be tested in practice, and so on and so on, in an interlocking cycle. On the other hand, the study of ecological accounting in developing countries lags behind. Most scholars tend to study the western literature without considering the breakthroughs and innovations occurring in the developing world; thus their research is unable to meet the current need for economic transition in developing countries. Due to the considerations of cost benefit, the domestic industrial subject does not actively participate in the practical application of new concepts, making it difficult for academics to study the structural framework of ecological accounting in China.
In general, ecological accounting in various countries has been developing rapidly and extensively, but it has some deficiencies and defects; namely, it lacks a specific theoretical framework, and it lacks systems for accounting, evaluation, optimization and control, and simplistic research. In order to break through the current research difficulties and provide more support for sustainable development, this paper suggests the following: 1) Construct a specific theoretical framework. Various aspects of ecological accounting have come a long way, but the lack of a framework may hinder their use in practice. A specific theoretical framework can provide broad guidelines that can be applied to specific objects. 2) Further improvement of the system so that it contains functions like accounting, evaluation, optimization and control. Ecological accounting derives from environmental accounting, which is formed by combining accounting with environmental management, environmental economics and other disciplines into a complex system. Improving a system so that it includes functions like accounting, evaluation, optimization and control can provide theoretical and practical support for sustainable accounting management. 3) Enriching the related research methods and increasing the variety of empirical study. Currently, domestic research is largely empirical; this limits the usefulness of related ecological accounting research and hampers further research. Using mature statistical methods and measurement methods, such as structural equation modeling, may allow research to break through the current limitations of ecological accounting research.
